In pure-penguinb →s B → V 1 V 2 decays (V 1,2 are vector mesons), f T /f L ≃ 1 has been observed (f T (f L ) is the polarization fraction of transverse (longitudinal) decays). Explanations of this unexpectedly large result have been given within the standard model (SM) and with new physics (NP). In this paper, we show that these two explanations can be partially distinguished through the triple products (TP's) in these transitions. In particular, the SM predicts one of the two fake, CP-conserving TP's to be small (|A 
T | ≤ 9%), while NP often gives larger values for |A (2) T |. We discuss the implications of the measurements of both fake TP's in B → φK * -the present data prefer a SM explanation of f T /f L -and provide the SM predictions for B 0 s → φφ.
1 datta@phy.olemiss.edu 2 duraism@phy.olemiss.edu 3 london@lps.umontreal.ca + e − , P γ or three pseudoscalars), one will obtain a different angular distribution, see Refs. [3, 4, 5] .) The key point is that, by performing a full angular analysis of B → V 1 V 2 , one can obtain Im(A ⊥ A * 0 ) and Im(A ⊥ A * ), i.e. both TP's, from Eq. (3) above. Now, above we indicated that TP's are a signal of CP violation. This is not quite accurate. As already noted, in general the A i (i = 0, , ⊥) possess both weak (CP-odd) and strong (CP-even) phases. Thus, Im(A ⊥ A * 0 ) and Im(A ⊥ A * ) can both be nonzero even if the weak phases vanish. In order to obtain a true signal of CP violation, one has to compare the B andB decays. The amplitude for B(p) →V 1 (k 1 , ε 1 ) +V 2 (k 2 , ε 2 ) can be obtained by operating on Eq. 
in whichā,b andc are equal to a, b and c, respectively, except that the weak phases are of opposite sign. Thus, the above equation can be obtained from Eq. (1) by changing a →ā, b →b and c → −c. Similarly, the angular distribution of this decay is the same as that in Eq. (3), with A 0 →Ā 0 , A →Ā and A ⊥ → −Ā ⊥ 4 , in which theĀ i are obtained from the A i by changing the sign of the weak phases.
The point is that the TP's for theB decay are −Im(Ā ⊥Ā * 0 ) and −Im(Ā ⊥Ā * ). The true (CP-violating) TP's are then given by
But there are also fake (CP-conserving) TP's, due only to strong phases of the the A i 's. These are given by In order to illustrate characteristics of the true and fake TP's, suppose that there are two amplitudes A 1 and A 2 contributing to a given decay, and that the TP is proportional to Im(A 1 A * 2 ). It is straightforward to show that T P true ∝ sin φ cos δ , T P f ake ∝ cos φ sin δ ,
where φ and δ are, respectively, the relative weak and strong phases between A 1 and A 2 . As is clear from these expressions, the true TP requires a nonzero φ and is relatively insensitive to δ. That is, as with any genuine CP-violating effect, the interference of two amplitudes with a relative weak phase is required. On the other hand, the fake TP requires only a nonzero strong-phase difference δ, and can be nonzero even if the weak-phase difference φ vanishes. Since the linear polarization amplitudes will, in general, have different strong phases, this will lead to nonzero fake TP's for all decays.
For the two TP's of Eq. (3), we define
The corresponding quantities for the charge-conjugate process,Ā
T andĀ (2) T , are defined similarly, but with a multiplicative minus sign. Consider now B → V 1 V 2 decays in which the final vector mesons are light: m 1,2 ≪ m B . In Ref. [2] it was shown that, in the SM within factorization,
That is, the transverse amplitudes are naively expected to be much smaller than the longitudinal amplitude. This implies that, in general, |A
T | ≪ |A
T |. One also expects that, in B → V 1 V 2 , the fraction of transverse decays, f T , is much less than the fraction of longitudinal decays, f L . However, it was observed that these two fractions are roughly equal in the decay B → φK * : f T /f L ≃ 1 [7] . There are two possible explanations of this. The first is that the SM is still valid, but one must go beyond the minimal version. One scenario is that nonfactorizable QCD-factorization penguin-annihilation effects are important [8] . A second scenario involves nonperturbative rescattering [9, 10] . Alternatively, one can explain the f T /f L measurement by introducing physics beyond the SM. Suppose there is a newphysics (NP) contribution to theb →sss quark-level amplitude. If the NP operator has the structure (1 −γ 5 
0.950 ± 0.016 Table 1 : Longitudinal polarization fraction f L for various B → V 1 V 2 decays, taken from Ref. [13] .
assess the advantages and disadvantages of the two explanations. Rather, our aim is to propose a way of distinguishing them. B → V 1 V 2 decays can be separated into four types. These includeb →s transitions: (i) pure penguin (e.g. B → φK * ), (ii) tree and penguin contributions (e.g. B → ρK * ), andb →d transitions: (i) pure penguin (e.g. B → K * K * ), (ii) tree and penguin contributions (e.g. B → ρρ). The polarizations have been measured for the decays in parentheses (and others [13] ). The results are shown in Table 1 .
As noted above, there is an effect in theb →s penguin amplitude which leads to f T /f L ≃ 1. There is a similar, though weaker, effect in theb →d penguin amplitude giving f T /f L ≃ 1/3. The data suggest that the tree amplitude(s) reproduce the naive expectations, i.e. the transverse amplitudes are much smaller than the longitudinal amplitude. Thus, in B 0 d → ρ + ρ − and B + → ρ + ρ 0 , which areb →d decays with both tree and penguin contributions, we have f T /f L ≃ 0. This is because the colorallowed tree amplitude is the dominant contribution. (In B 0 d → ρ 0 ρ 0 , the colorsuppressed tree amplitude is smaller, and the contribution of theb →d penguin amplitude leads to f T /f L ≃ 1/3.) And in theb →s decay with both tree and penguin contributions, the tree amplitude, though nonzero, is subdominant. This gives a value for f T /f L which is slightly smaller than that for the pure penguinb →s decay. The upshot of all of this is that there are three classes of decays in which the transverse polarizations are reasonably large. Therefore, for these decays, we have |A (2) T | ≃ |A (1) T |, contrary to our naive expectation. However, there is more, and this is the main point of this paper. It is also possible to express the polarization amplitudes using the helicity formalism. Here, the transverse amplitudes are written as
The key observation is the following. Due to the fact that the weak interactions are left-handed, i.e. the couplings are V − A, the helicity amplitudes obey the hierarchy [8, 17] 
Thus, in the heavy-quark limit, A + is negligible compared to A − , so that A = −A ⊥ . But in this case, A
T , which is proportional to Im(A ⊥ A * ), vanishes. This means that
T = 0 should be found. On the other hand, suppose that the large f T /f L is due to NP. If the new interactions have a different weak phase from the SM, they can be detected using the true TP's (of A (1)
T ). However, the NP could have the same weak phase as the SM, so that the true TP's vanish [Eq. (5)]. It may therefore not be ideal to concentrate on the true TP's -it also may be useful to measure the fake TP constructed from A (2) T andĀ (2) T . As we will see below, it is possible to partially distinguish the SM from NP through the measurement of the fake A T = 0, since the heavyquark limit is just an approximation. Below, we take these corrections into account, and estimate A (2) T for the pure-penguinb →s decays B → φK * and B 0 s → φφ. We also comment on the size of A (2) T for otherb →s andb →d transitions. We take A λ = |A λ |e iδ λ (λ = 0, ±), and define
T is then given by
where the polarization fractions are
with f T = f ⊥ + f . Inb →s transitions, all contributions to the decay are proportional to the Cabibbo-Kobayashi-Maskawa (CKM) factors V * tb V ts , V * cb V cs , or V * ub V us . The term V * cb V cs can be eliminated in terms of the other two using the unitarity of the CKM matrix. Furthermore, although V * ub V us has a large weak phase, its magnitude is greatly suppressed relative to that of V * tb V ts . In pure-penguinb →s decays, the V * ub V us term is negligible, to a good approximation. That is, there is effectively only one weak amplitude (i.e. (δ + − δ − ) is purely a strong phase), and so all CP-violating effects are tiny. Thus, A (2)
T and so A (2) T is by itself a fake TP. In order to estimate the size of A (2) T , we proceed as follows. First, within QCD factorization [18] , r T is expected to be about 4%. When the penguin-annihilation amplitude is added, r T is increased to lie in the range 5%-15%. Second, it is straightforward to show that
Given the experimental values for f ⊥ and f , the above equation provides a constraint on r T and the phase (δ + − δ − ). We begin with B → φK * . If desired, one can avoid tagging altogether by considering charged-B decays, or by using self-tagging decays of the
T is found using Eq. (10). r T is varied in the range (0.05, 0.15), and the phases δ ± in the range (0, 2π). The constraint of Eq. (12) is imposed using the measured polarization fractions f ⊥ = 0.241 ± 0.029 and f = 1 − f L − f ⊥ = 0.279 ± .042 [13] . The experimental numbers are varied within their ±1σ errors. The result is shown in Fig. 1 . There we see that |A (2) T | ≤ 9% is predicted. This prediction can be compared with the experimental result. A T has not been explicitly measured, but its value can be deduced using other measurements. The relevant B d → φK * 0 polarization observables are shown in Table 2 . Here, the relative phases between A ⊥, and A 0 , denoted φ ⊥ and φ , are defined to be
We follow the convention of Ref. [19] for the polarization fractions, and of Ref. [17] for the phases, defining
Polarization fractions f L = 0.480 ± 0.030 f ⊥ = 0.241 ± 0.029 Phases φ (rad) = 2.40 +0.14 −0.13 φ ⊥ (rad) = 2.39 ± 0.13 ∆φ (rad) = 0.11 ± 0.13 ∆φ ⊥ (rad) = 0.08 ± 0. 13 CP asymmetries A 0 CP = 0.04 ± 0.06 A ⊥ CP = −0.11 ± 0.12 Table 2 : B d → φK * 0 polarization observables [13] .
Here, Q = 1 (−1) forB 0 (B 0 ). Using the numbers above we can calculate A
T :
The measured value of A
T is therefore in agreement with the SM prediction. Indeed, it is consistent with zero. What does this say about the NP explanations of the large observed value of f T /f L ? In the heavy-quark limit, A + = 0 in the ST LL scenario, so that A = −A ⊥ (as in the SM) and A . In this case, the fake TP is small, and the NP must be detected through a true TP, which is maximal.) We therefore see that the measurement of the fake A (2) T TP allows us to partially differentiate the SM from the NP explanations of f T /f L . The present B → φK * data suggest that the SM is preferred over NP. We now turn to B s → φφ. In this case, tagging is necessary to distinguish the B 
where we have set the mixing phase to 0. As before, we use Eq. (10) to estimate A
T , taking r T and δ ± in the ranges (0.05, 0.15) and (0, 2π), respectively. The CDF T for the decay B s → φφ as a function of (δ + − δ − ) (r T ). data for the polarization observables for this decay are [22] 
These are used to impose the constraint of Eq. (12) (the experimental numbers are varied within ±1σ). The result is shown in Fig. 2 . The prediction is that |A
T | ≤ 10%. It is interesting to compare the decays B → φK * and B s → φφ. These are the same in the flavor SU(3) limit. However, at present there are signifant differences. For example, the polarization fraction f L differs between the two decays by more than 3σ. (Still, SU(3) breaking, which can have an effect of ∼ 25%, could account for this.) Due to the fact that f L is relatively small in B s → φφ, a sizeable fraction of the (δ + − δ − ) space is not allowed in Fig. 2 . If we ignore the differences between the two decays and use the allowed values of (δ + − δ − ) from B s → φφ as an input for B d → φK * 0 , we see that A
T is predicted to be very small in this decay (see Fig. 1 ).
As noted above,b →s decay amplitudes can be written in terms of V * tb V ts and V * ub V us , and in pure-penguinb →s decays, the V * ub V us term is negligible. However, this approximation is not valid forb →s transitions in which there is a tree contribution, such as B → ρK * . In such decays, since V * ub V us has a large weak phase, the A
(i)
T 's are no longer purely fake TP's. Thus, in order to estimate the TP's, one also has to compute the A
T 's for the charge-conjugate decays. Now, while it is still true that the fake A (2) T TP vanishes in the heavy-quark limit, calculating corrections to this due to the finite b-quark mass is much more complicated. Because there is as a function of (δ + − δ − ) (r T ). more than one amplitude, the TP's depend on additional variables (magnitudes of diagrams, weak and strong phases), and there are not enough experimental observations to constrain the parameters. For this reason we cannot provide a reliable estimate of the fake A (2) T in this case. Pure-penguinb →d decays are similar in this respect. The penguin diagram proportional to V * ub V ud is not negligible, so there are two amplitudes contributing to the decay. As such, the TP's depend on more parameters than in pure-penguin b →s decays, and so the corrections to the heavy-quark limit result cannot be estimated reliably.
Finally, for pure-penguinb →s decays, we can estimate the A
T fake TP. Defining r 0 ≡ |A 0 /A − |, A (1) T is given by
r 0 can be fixed from
For B → φK * , we vary r T in the range (0.05, 0.15), all phases δ λ (λ = 0, ±) in the range (0, 2π), and all polarization fractions within ±1σ. This gives r 0 in the range (0.95, 1.1). r T and (δ + − δ − ) are further constrained by Eq. (10). The result for A (1) T is shown in Fig. 3 : |A (1) T | ≤ 40% is predicted. This prediction can be compared with the experimental result, which is deduced from other measurements as before. We find T for the decay B s → φφ as a function of (δ + − δ − ) (r T ).
in agreement with the SM.
For B s → φφ, we use the same procedure as above. r 0 is found to lie in the range (1.25, 1.47). The prediction for A (1) T is shown in Fig. 4 . We find |A T ]. Real TP's are CP-violating, and are nonzero only if the decay has two contributing amplitudes with a relative weak phase. Fake TP's are CP-conserving, and can be generated by strong phases alone. For fake TP's, it is necessary to distinguish B andB, so that tagging is needed, possibly by using self-tagging decays.
In the heavy-quark limit, the standard model (SM) predicts that A = −A ⊥ , so that A (2) T = 0. We have computed the finite-mass corrections to this for the purepenguinb →s decays B → φK * and B 0 s → φφ. These are especially interesting because, to a good approximation, they have only one weak amplitude. As a consequence, all CP-violating effects essentially vanish. In particular, these decays have only fake TP's. For B → φK * , we find that the SM predicts |A
T | ≤ 9%, consistent with the measured value of 0.002 ± 0.049.
There is a further consequence of this measurement. In B → φK * , it is expected that f T ≪ f L , where f T and f L are the fractions of transverse and longitudinal decays, respectively. However, f T /f L ≃ 1 is found. Explanations of this result have been given within the SM and with new physics (NP). Interestingly, the NP scenarios often predict large values for |A (2) T |, and are thus ruled out, or at least strongly constrained, by the current measurement of A (2) T . Thus, the measurement of the fake A (2) T TP allows us to partially differentiate the SM from the NP explanations of f T /f L .
We find that the SM predicts |A
T | ≤ 10% for B 0 s → φφ. We have also estimated A (1) T within the SM, with the result that |A (1) T | ≤ 40% for both decays. For B → φK * , this is consistent with the measured value of −0.23 ± 0.03.
